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OsMoREGULATION IN ALGAE

H. KAUSS

Abstract

So far as is known, algae maintain a constant turgor with the osmotic pressure in their cells
higher than the osmotic pressure of the surrounding fluid. This excess osmotic pressure seems
to be held constant when the osmotic value of the water changes. In cases of low external
osmotic pressure the elimination of water by contractile vacuoles provides some regulation of
osmotic balance in fresh water algae whereas the assimilation or extrusion of special inorganic
jons appears to play the chief part in this‘process in 1:narir:4e algae. (GU.IL'LARD 1962).
Especially the potassium ion is from special interest in this context as it is well documented to
be a subject of energy dependent active transport in algae (GUTKNECHT 1968, ZIMMER-
MANN & STEUDLE 1971). Our present knowledge, however, on the biochemistry of ion
transpe ' systems unfortunately is rather limited.

More recenlty a few examples have been studied in which osmoregulation in algae occurs by
accumulation or breakdown of low molecular weight carbohydrates, e.g. of glycerol in Dunali-
ella parva (BEN-AMOTZ & AVRON 1973) or isofloridoside (IF=c-galactosyl-1- 1-glycerol)
in Ochromonas malbamensis (KAUSS 1967, 1969, SCHOBERT, UNTNER & KAUSS 1972).
This offers simple model systems for studying the biophysical and biochemical steps involved
in the regulation of osmotic balance, since the biochemistry and regulation of carbohydrate
metabolism seems fairly well understood.

When substances raising the osmotic pressure, such as salts, glucose, mannitol, or polyethyle-
neglycol, are added to a suspension of Ochromonas the cells first shrink and then regain their
volume because of the accumulation of IF in a concentration high enough to compensate
directly for the outside stress. Any organic material such as exogenous glucose, photosynthesis
products, or endogenous reserve polysaccharides can be used to produce IF. If the outside
osmotic pressure is decreased, the osmotic excess of IF is converted to reserve $-1-3-glucans.
Thus, the two carbohydrates seem to be readily interconvertibel, and the direction of the con-
version is determined by the osmotic value of the surrounding fluid (KAUSS 1967, 1969,
SCHOBERT, UNTNER & KAUSS 1972). The formation and degradation of IF appears to in-
volve the classical glycolytic reactions (KAUSS 1967) including a 8-1-3-glucan phosphorylase
(ALBRECHT & KAUSS). The key enzyme leading to IF is an UDP-gal: sn-glycero-3-phosphoric
acid 1-ocgalactosyl-transferase (KAUSS & SCHOBERT 1971). Physiological experiments suggest
that the regulation involves activation of pre-existing enzyme molecules rather than de novo
synthesis of enzymes (SCHOBERT, UNTNER & KAUSS 1972).

Chase experiments with glucose-!#C indicate that the pool is in rapid turnover even at
constant size. The turnover is related to the pool size. Regulation of the pool size seems to
occur at enzymic steps involved in the formation, as well as those involved in the degradation
of isofloridoside (KAUSS 1973).

LITERATUR

ALBRECHT, G.J. & H. KAUSS (1971): Purification, crystallization and some properties of a
B-1-3-glucan-phosphorylase from Ochromonas malbamensis. Pbytochemistry, 10: 1293—1298.

BEN-AMOTZ, A. & M. AVRON (1973): The role of glycerol in the osmotic regulation of the
halophylic Alga Dunaliella parva. Plant Physiology, 51: 875.

GUILLARD, R.R.L. (1962): Salt and osmotic balance. In: Physiology and biochemistry of
algae. Ed. R.A. LEWIN. 529 pp. Acad. Press.

GUTKNECHT, J. (1968): Salt transport in Valonia; Inhibition of potassium uptake by small
hydrostatic pressures. Science 160, 68.

KAUSS, H. (1967): Isofloridosid und Osmoregulation bei Ochromonas malbamensis. Z. Pflan-
zenphysiol. 56: 453—465.

87



KAUSS, H. (1969): Osmoregulation mit c-Galaktosyl-Glyzeriden bei Ochromonas und Rot-
algen. Berichte der Deutschen Botan. Gesellschaft 82: 115—125.

KAUSS, H. & B. SCHOBERT (1971): First demonstration of UDP-gal: sn-glycero-3-phosphoric
acid 1-cc-galactosyl-transferase and its possible role in osmoregulation. FEBS-LETTERS 19:
131-135.

SCHOBERT, B., E. UNTNER & H. KAUSS (1972): Isofloridosid und die Osmoregulation bei
Ochromonas malbamensis. Z.f.Pflanzenphysiologie 65: 385—398.

KAUSS, H. (1973): Turnover of galactosylglycerol and osmotic balance in Ochromonas. Plant
Physiol. 52: 613—615.

ZIMMERMAN, U. & E. STEUDLE (1971): Effects of potassium concentration and osmotic
pressure of sea water on the cell-turgor pressure in Chaetomorpba linum. Marine Biology 11:
132.

Anschrift des Verfassers:
Dr. H. KAUSS, Fachbereich Biologie der Universitit Trier — Kaiserslautern,
675 Kaiserslautern, Postfach 3049, FRG.

88



